Abstract-This paper presents a study of the Universiti Malaysia Pahang (UMP) examination timetabling problem and its constraints. UMP currently situated in two campuses (Gambang and Pekan) which presents many challenges in producing examination timetable. The UMP examination timetabling problem consists of new constraints that have not been investigated before in the literature, that include scheduled exams into the appropriate campus. The additional constraints increase the level of difficulty in producing a high quality examination timetable. Additionally, having no formal mathematical model leads to difficulty in determining the quality of the produced examination timetable. This paper investigates the UMP examination timetabling constraints and develop the formal mathematical model to determine the quality of the generated examination timetable. The developed formal model able to evaluated the UMP examination timetable quality (produced by UMP's proprietary system). The result reveals a high penalty value (bad quality) and unsatisfaction of the hard constraints.
I. INTRODUCTION
Examination timetabling is an important event that is required in all academic institution. Examination timetabling is a task of allocating examinations to the specific timeslots and rooms by fulfilling the constraints. There are two main categories of constraints that need to be considered in producing the examination timetable, namely hard and soft constraints. The hard constraints are those requirements that cannot be broken and must be satisfied at all times. For example, no students are allowed to sit two examinations simultaneously. The soft constraints refer to those requirements that should be satisfied as much as possible . For example, as much as possible the examinations need to be spread out so that students have sufficient study time between the exams. Hence, the soft constraints (or so called objective function) are used to evaluate the quality of the timetable. In the objective function, each soft constraint is assigned to a penalty value, and the total penalty value needs to be minimised. (Abdullah & Turabieh, 2012; .
The examination timetabling problem can be divided into two categories which are un-capacitated problem and capacitated problem. The un-capacitated problem does not consider the room capacity while the capacitated problem considers it as one of the hard constraint (Abdullah, 2006; Pillay and Banzhaf, 2009 ). Burke et al., (1996) stated that 73% of universities reported that allocating room for examinations is a major problem. Therefore, the capacitated problems are more complex and challenging to solve compared to the un-capacitated problems. Capacitated problem resemble the realworld problem as it considers the room capacities as a hard constraint. The room constraint increases the level of complexity to the overall problem in producing a high quality examination timetable.
In this paper, we present a study of Universiti Malaysia Pahang (UMP) examination timetabling problem which consists different constraints from the literature. The related work of the benchmark dataset is presented in Section II. In Section III, the UMP examination timetabling problem and its constraints are presented. In Section IV, the formal model of the UMP examination timetabling problem is discussed. In Section V, the relationship between the constraints and the models are discussed. The experimental setup is presented in Section VI. The discussion on the results is in Section VII, and the conclusion is presented in Section VIII.
II. RELATED WORK
The most common examination timetabling datasets are Toronto dataset (Carter, Laporte, & Lee, 1996) , the dataset from University of Nottingham (Burke, Newall, & Weare, 1996) and dataset from University of Melbourne (Merlot, Boland, Hughes, & Stuckey, 2003) . In addition, a few newer examination timetabling datasets have been proposed, for example is the 2007 Second International Timetabling Competition (refer to as ITC2007) dataset (McCollum et al., 2008) , dataset from UiTM (Kendall & Hussin, 2004; Hussin, 2005) , dataset from UKM and dataset from UMP (Kahar & Kendall, 2010) . The Toronto dataset is an uncapacitated examination timetabling problems from thirteen different academic institutions around the world (Carter, Laporte, & Lee, 1996) . These datasets differ in term of the number of examinations, timeslots and registered students as well as the conflict density. For example, instance car-s-91 consists of 35 timeslots, 682 examinations, 16925 students and conflict density is 0.13 while instance car-f-92 consists of 32 timeslots, 543 examinations, 18419 students and conflict density is 0.14. The constraints of the Toronto dataset include clash free and spread the examinations that are the hard constraints and soft constraints respectively. Many researchers have investigated Toronto dataset including Abdullah et al., 2010; Sabar et al., 2012a; Burke and Bykov, 2012; Alzaqebah and Abdullah, 2014; Turabieh and Abdullah, 2011b .
The Nottingham dataset was introduced by Burke, Newall, & Weare (1996) . Nottingham dataset is a capacitated problem which consists of 7896 students, 23265 student enrolments, 1550 room capacities, 0.03 conflict density with three timeslots a day where the total number of timeslots is 23. The objective of the Nottingham dataset is to reduce the back-to-back exams on the same day (Burke & Newall, 1999 ) Merlot et al., (2003 introduced a dataset from University of Melbourne. They presented two capacitated datasets which are from semester I and II in 2001. Semester I has 521 examinations, 28 timeslots, 20656 registered students and 62248 student enrolments while semester II has 562 examinations, 31 timeslots, 19816 registered students and 60637 student enrolments. There are two timeslots on every weekday and different capacity for each timeslot. The objective of the dataset is to minimise the backto-back exams on the same day or overnight.
The second international timetabling competition (ITC2007) dataset was published in August 2007 during the Second International Timetabling Competition. Twelve datasets were introduced with different conflict density, different number of examinations, students, timeslots and rooms. The ITC2007 examination dataset constraints include student are not allow to take two examinations simultaneously, the student capacity of the examinations scheduled should not exceed the room capacity, and the examinations should follow the specified arrangement. The objectives of the ITC2007 examination dataset are to minimise the back-to-back exams on the same day, timeslot and room usage, mixed examinations length in a timeslot and assigning as early as possible those larger examinations during the period of exam. Many researchers have investigated ITC2007 examination dataset including Gogos et al., 2012; Bykov and Petrovic, 2016; Alzaqebah and Abdullah, 2014; Battistutta et al., 2015; Anwar et al., 2013 .
An uncapacitated dataset from UiTM Malaysia was introduced by Kendall and Hussin (2004) . UiTM dataset consists of 2063 examinations, 84675 registered students, 357761 student enrolments and 40 timeslots. The constraints involve scheduling all the examinations with no clashing and as much as possible the examinations need to be spread out. The examinations that are scheduled during the weekend were penalised so that the examinations scheduled for the weekend can be minimised.
A capacitated dataset from UKM Malaysia was introduced by , and the requirement is that all the examinations must be scheduled. UKM dataset contains 818 examinations, 14047 registered students as well as 75857 student enrolments, 42 timeslots and 1550 room capacities. The room capacities for each room are different, for example, capacity for room DPBestari is 850 while for room DGemilang is 610. The constraints include no students sitting two examinations simultaneously and not allowing students taking three consecutive examinations in the same day. Besides, students seat consecutive exam must be allocated to the same exam room and avoid room sharing for specified examination. The objectives are spreading the examinations as much as possible and minimise the back-to-back exams on the same day.
A capacitated dataset from UMP Malaysia was introduced by Kahar and Kendall (2010) students, 1541 student enrolments, 28 rooms and 0.05 conflict density. They proposed two new constraints which are a single exam must be split into rooms in the same building only, and the distance between the rooms must be as close as possible. Besides, each room can only have one exam at each timeslot; UMP timetabling problem does not allow multiple examinations into the same room. Table 1 shows a summary of examination datasets on the constraints. Toronto, Nottingham and Melbourne datasets are earlier datasets compared to the UiTM, UKM and UMP datasets. Based on the datasets and the constraints listed in Table 1 , we found that different academic institutions have different constraints and requirements. UMP examination timetabling problem contains additional constraints which have not been investigated before in the literature. For example, the exam needs to be scheduled to the appropriate campus due to the fact of UMP has two separate campuses. However, an increase in the number of faculties to nine faculties in 2014 and with a total number of students increases to 7833. UMP currently situated in two campuses (Gambang and Pekan) which presents many challenges in producing an examination timetable. Moreover, UMP examination timetabling problem is a capacitated problem which contains commonly used constraints and additional constraints. Table 2 describes the constraints for the UMP examination timetabling problem.
In UMP, a proprietary system has been used to produce the examination timetable since year 2003. The proprietary system managed to produce the examination timetable but it is unable to determine the quality of the timetable generated. This is because the proprietary system has no mathematical model to evaluate the quality of the examination timetable generated. Hence, this motivates us to develop a formal model of the UMP examination timetabling problem.
IV. FORMAL MODEL OF THE UMP EXAMINATION TIMETABLING PROBLEM
In this section, we discuss the formal model of the UMP examination timetabling problem. Incides i, j 1…N 
Decision variables
1 if examination i is assigned to timeslot t, 0 otherwise 1 if examination i is assigned to room r, 0 otherwise 1 if room r is assigned to timeslot t, 0 otherwise.
Three objectives are used to evaluate the timetable quality. The objectives are to spread out the examinations throughout the exam period, to minimize the rooms distance for a single exam and to minimize splitting of rooms for a single exam. The formulation is shown as bellow:
The first component of cost, spreading cost, F 1 (spread the exams over the period of the exam) is formulated in Eq. (2): (2) and (3) where and represent the timeslots allocated for exam i and j (i, j) {1, … , N}. Equation (2) represents the spreading cost for exam i, it can be calculated by multiplying the number of students in conflict with the proximity value. The proximity values used are 16, 8, 4, 2 and 1. For example, the value 16 represent the examinations schedule consecutive; value 8 represent the examinations schedule between a gap of timeslot, value 4 represent the examinations schedule between 2 gaps of timeslots, value 2 represent the examinations schedule between 3 gaps of timeslots and value 1 represent the examinations schedule between 4 gaps of timeslots. These proximity values were introduced by Carter, Laporte and, Lee (1996) .
The second component of cost, distance cost, F 2 (distance between multiple rooms for a single exam) is formulated in Eq. (4): (4) The third component of cost, splitting cost, F3 (splitting of rooms for a single exam) is formulated in Eq. (5): (5) where m i represents the number of the splitting for exam, i. It can be calculated by using the formulation shown in Eq. (6): (6) Equation (6) shows a cost of exam i that is assigned to an exam that split into different rooms (m i > 1). For example, the penalty value is 1 if a single exam is being split into two exam rooms and so on.
IV. RELATIONSHIP BETWEEN MODEL AND CONSTRAINTS IN UMP EXAMINATION TIMETABLING PROBLEM
Equation (1) is subject to the following constraints:
a. No students are allowed to sit more than one examination simultaneously. The number of students that taking both exams i and j must be equal to zero, if the exam i and j are scheduled to timeslot t. Therefore, = 0.
b. All the exams must be assigned only once in the timeslot, T.
where N represents the total number of examination.
c. A single exam must be split into rooms in the same building.
where d. The number of exam rooms allocated to a specific timeslot must not exceed the number of available rooms in a specific timeslot, .
e. The number of students that allocated to a specific room must be less than the maximum room capacity.
f. The exam needs to be scheduled to the appropriate campus.
where
V. EXPERIMENTAL SETUP
In this section, we discuss our proposed model to evaluate the quality of examination timetable generated by UMP. The experiment dataset is taken from semester 1, 2014/2015. The number of examinations, number of registered students, number of student enrolments, number of timeslots and number of exam rooms are collected. The total number of examination offered by UMP is 445 and the total number of students is 7833 with 31,185 student enrolments. The total available exam room for this dataset is 40 rooms and the capacity of each room is different. The number of examination days and timeslots are 15 and 30 respectively. There are two timeslots on each examination days and no exam will be assigned on Saturday and Sunday. Figure 1 shows the timeslot incides. In Figure 1 , the timeslot 1 and 2 refer to day 1, timeslot 3 and 4 refer to day 2 and so on. The incides 11 to 14 and 25 to 28 are missing because those incides refer to weekend. A study of UMP examination timetabling problem is carried out after collecting all the information. UMP currently situated in two campuses (Gambang and Pekan) which presents some additional hard and soft constraints. After investigating the hard and soft constraints, the mathematical model is developed in order to evaluate the quality of the examination timetable produced by UMP. The quality of the examination timetable is determined by calculating the total penalty cost which includes the spreading cost, distance cost and splitting cost. The spreading cost is calculated based on the gap of free timeslots between two examinations; the distance cost and splitting cost are calculated when more than one room assigned to an examination. Figure 2 shows the flow chart of the process.
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VI. RESULTS AND DISCUSSION
The discussion on the results of the UMP examination timetabling problem is presented in this section. Table 3 shows the result of the examination timetable generated by proprietary system. Based on Table 3 , it indicates that the examination timetable generated by UMP did not comply with some of the hard constraints. The examination timetable did not satisfy the constraints for no students are allowed to take two examinations simultaneously and a single exam must be split into rooms in the same building constraint. UMP had to quarantine two students because they were assigned to take two examinations simultaneously. Besides, 24 exams were assigned to the rooms in different buildings.
The examination timetable quality is evaluated based on the three objectives. The penalty cost for the first objective is spreading cost, F 1 = 11.30; the second objective is distance cost, F 2 = 529.44 and the third objective is splitting cost, F 3 = 0.62. The total of the penalty cost is 541.36. The distance cost is high because some exams were assigned to the rooms that in different building and it causes the total penalty value become higher.
VIII. CONCLUSION
Examination timetabling is an important and challenging task faced by every academic institution (Laporte & Desroches, 1984; . Every academic institution has a different constraints and resources in producing the examination timetabling. Hence, the examination timetable should be generated independently to meet the individual requirements.
In this paper, a study of UMP examination timetabling problem and its additional constraints is presented. Besides, the quality of the UMP examination timetable produced is evaluated due to the three objectives and the penalty cost is calculated using the mathematical model. The penalty cost is high if the quality of the solution is bad. The examination timetable produced by the proprietary system shows a high penalty cost. This results that it is not a good quality examination timetable and it did not fulfill all the hard constraints. 
